Abstract--In order to investigate the influence of combustion chamber geometry on the formation of air-fuel mixture in diesel engine, a new double-layer diffluent combustion system for DI diesel engine was proposed which had a collision platform with circular oriented-surface. The mixing process of the fuel spray and air in this combustion chamber is modelled and numerical simulation is executed by the software AVL FIRE. The simulation results indicate that the fuel spray distribution becomes more uniformed for the double-layer diffluent combustion system than that of the ω combustion system. It can be concluded that the combustion chamber geometry put important effect on the formation of air-fuel mixture in combustion chamber.
I INTRODUCTION
As we know, the combustion process and emission properties of DI diesel engine are mainly determined by the uniformity and distribution of air-fuel mixture in combustion chamber. The utilization of spray impingement mechanism is used to enlarge the spray distribution and improve the space atomization of fuel spray. Therefore, the relationship between the fuel spray and the combustion chamber geometry is the key factor which influences the formation of air-fuel mixture in combustion chamber [1] [2] [3] . Currently, many researchers have paid their efforts to match the fuel spray and the combustion chamber geometry in combustion chamber of diesel engines [4] [5] [6] [7] [8] . The research results put their emphases on the relationship between combustion chamber geometry and the formation of air-fuel mixture in combustion chamber.
II STRUCTURE OF DOUBLE-LAYER DIFFLUENT COMBUSTION SYSTEM
On the basis of the principle of spray impingement orientation and fuel atomization distribution, a new doublelayer diffluent combustion system for DI diesel engine is proposed which has a collision platform with circular oriented-surface in this research. Figure 1 shows the geometry diagram of double-layer diffluent combustion system. In this combustion system, the combustion chamber is divided into lower and upper layers by the collision platform. The fuel injected from multi-hole injector is divided into two parts due to the effect of collision platform, and the two parts of fuel spray diffluent to the upper and lower layers of the combustion chamber along the circular oriented-surface. Further, the fuel spray can increase its dispersing velocity and enlarge the spatial distribution of airfuel mixture. Moreover, much quantities of air are entrained into the air-fuel mixture during the atomization process of fuel spray. As a result, the air-fuel mixture becomes more sufficient, because secondary atomization of fuel spray is better realized through the matching between the fuel spray and the combustion chamber geometry. 
III MODELLING OF MIXING PROCESS OF THE FUEL SPRAY AND AIR
The model of mixing process of the fuel spray and air is composed of the basic equations, the discrete droplet model, the turbulence model, the spray impingement model, the spray breakup model and the spray evaporation model.
A. Basic Equations
The basic equations are based on the turbulent governing equation and homogeneous flow equation which include momentum conservation equation, mass conservation equation and energy conservation equation.
1) Momentum conservation equation
Momentum conservation equation is given by eqn. (1), (2) and (3) [9] :
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2) Mass conservation equation
Mass conservation equation is calculated by eqn. (4) and (5) [9] :
3) Energy conservation equation
Energy conservation equation is expressed by eqn. (6) [9] :
B. Discrete Droplet Model
The discrete droplet model is mainly described the trace and the speed of droplet as follows [13] :
C. Turbulence Model
The turbulent model is also needed to be established which make sure that the governing equation is closed. The gas flow in diesel engine is a kind of high Reynolds number flow, so the high Reynolds number double k-ε equation model are applied in this research [10] [11] :
D. Spray Impingement Model
The Particle-Wall impingement model is selected as the spray impingement model in this study which is raised by Reitz and Naber. In this model, there are two different reflex processes for different value of Weber. When the value of Weber is larger, liquid jet reflex process would be selected. Otherwise, rebound reflex process would be chosen if the value of Weber is smaller [12] . The Weber is defined as the following equation:
E. Spray Breakup Model
The spray breakup model is defined by WAVE and there are two different models in this model which is called highspeed break-up model and low-speed break-up model. The break-up rate of oil droplets are given by equations as follows [13] : 
F. Spray Evaporation Model
There are four hypotheses is set when the spray evaporation model is developed. First, all of oil droplets are spherical symmetry. Second, a quasi-stable gas film stays around oil droplets. Third, the temperature of oil droplets along the diameter is the same. Fourth, fluid around oil droplets has the same physical property. Based on these hypotheses, the change rate of oil droplets' temperature is given by Dukowicz [14] :
IV SIMULATION RESULTS AND DISCUSSIONS
According to the working process and property parameters of 135 single-cylinder diesel engine, the simulation model is executed for the purpose of investigate the formation of air-fuel mixture for the new double-layer diffluent combustion system. The initial parameters of boundary conditions for the simulation model are listed in Table 1 .
The comparisons of calculated results and experimental data of in-cylinder pressure and heat release rate at rated speed and rated load of diesel engine operating condition for the new double-layer diffluent combustion system are shown in Figure 2 . It can be seen from Figure 2 (a) and Figure 2 (b) that the two curves of calculated results and experimental data of in-cylinder pressure and heat release rate have well agreements. These results indicate that the model developed in this research is reasonable which means that the model is validated to be applied to predict the mixture formation for DI diesel engine. Figure 3 shows the comparisons of the equivalence ratio distribution of air-fuel mixture between the ω combustion system and the double-layer diffluent combustion system. From Figure 3 , it is observed that the fuel spray has not reached the combustion chamber wall surface for the ω combustion system, while the front part of fuel spray has impinged the collision platform and the double-layer diffluence has been realized by the utilization of the orientedsurface for the double-layer diffluent combustion system at 5°CA BTDC. Further, the fuel spray has reached the combustion chamber wall surface and the zone of high concentration of air-fuel mixture has been formed at the accumulated point for the ω combustion system when the crank angle changes from TDC to 5°CA ATDC. During the same operating period of crank angle, the fuel spray has been divided into two parts by the aid of the circular orientedsurface and the smaller equivalence ratio of air-fuel mixture has been formed in the combustion chamber for the doublelayer diffluent combustion system. Moreover, the zone of high concentration of air-fuel mixture has moved to the bottom of combustion chamber along its wall surface, and the other part of air-fuel mixture has moved to the cylinder wall by the dint of squish flow for the ω combustion system, when the crank angle shifts from 5°CA ATDC to 15°CA ATDC. On the other hand, the air-fuel mixture at the bottom of combustion chamber has moved along the clockwise direction of collision platform and the smaller equivalence ratio of air-fuel mixture has been formed in the upper layer for the double-layer diffluent combustion system when the crank angle shifts from 5°CA ATDC to 15°CA ATDC. At last, it can seen from Figure 3 that the equivalence ratio of air-fuel mixture is 2.3 at the ω combustion chamber wall surface and the equivalence ratio of air-fuel mixture is 1.8 at the upper plane of its piston, when the crank angle arrives to 20°CA ATDC. At the same time, the equivalence ratio of airfuel mixture is 1.5 at lower layer and 0.6 at upper layer in combustion chamber respectively when the crank angle arrives to 20°CA ATDC for the double-layer diffluent combustion system. The simulation results demonstrate that the equivalence ratio distribution of air-fuel mixture for the double-layer diffluent combustion system is better uniformed than that of the ω combustion system. 
V CONCLUSIONS
In this paper, a new double-layer diffluent combustion system is proposed which has a collision platform with circular oriented-surface in order to improve the characteristics of air-fuel mixture for DI diesel engine. In this double-layer diffluent combustion system, the double-layer diffluence and secondary atomization can be realized by the aid of favourable match between the fuel spray and the combustion chamber geometry. The simulation results demonstrate that the fuel spray is better atomized from the comparisons of the equivalence ratio distribution of air-fuel mixture for the double-layer diffluent combustion system than that of the ω combustion system. Therefore, the proper structure of the double-layer diffluent combustion system puts important effect on the distribution of air-fuel mixture of DI diesel engine.
